Objective Suicide remains a serious, preventable public health problem. This study aims to describe the epidemiological characteristics associated with various suicide methods and to investigate outcomes after suicide-associated sudden cardiac arrest (S-SCA), stratified by different suicide attempt methods.
INTRODUCTION
Suicide has long been recognized as a major public health and economic problem in various cultures. 1, 2 In 2002, an estimated 877,000 lives were lost worldwide through suicide, representing 1.5% of the total global burden of disease and more than 20 million disability-adjusted life-years (years of healthy life lost through premature death or disability). 3 In contrast to the overall decrease in suicides among most industrialized countries over the last decade, Korea have experienced an increase in suicides. Between 1995 and 2006, Korea recorded the highest degree of suicide increase among the Organization for Economic Cooperation and Development countries, from 11.2 deaths per 100,000 to 21.5. 4 Korea currently ranks first in the world, with a suicide rate of 33.4 for men and 18.7 for women in 2008. 4 Sudden cardiac arrest (SCA) is normally the final process of successful suicides. Suicide-associated SCA (S-SCA) is most likely to be treated at the scene by emergency medical service (EMS) providers, transported by EMS, and subsequently managed by emergency department (ED) physicians as SCAs with a cardiac etiology. S-SCAs can provide valuable information on many different factors surrounding suicide attempts, such as the attempt method, time-course of the attempt, geospatial characteristics, presence or absence of witnesses, bystanders and bystander activity, EMS response time and services, and treatments initiated at the hospital. Previous studies described this information in SSCAs caused by drowning, poisoning, and hanging. [5] [6] [7] This study aimed to describe the epidemiologic characteristics of SCA associated with suicide attempts and to investigate outcomes after S-SCA stratified by the different suicide attempt methods.
METHODS
The study was approved by the Institutional Board of Review at the study institution and financially supported by the Korea Centers for Disease Control and Prevention (2008 to 2011).
Data source
The Cardiovascular Disease Surveillance (CAVAS) database is a large-scale, nationwide, observational database of patients who have confirmed SCA in an out-of-hospital setting in Korea. 8 The database is population-based and contains EMS-assessed out-ofhospital cardiac arrests (OHCAs) derived from the entire population of the country. The cases were extracted from the National Emergency Management Agency's ambulance run sheets in which an OHCA was coded and additionally populated by hospital medical records review by the Korea Centers for Disease Control and Prevention. Cases from January 2008 to December 2010 were included. Trained medical record reviewers visited study hospitals and reviewed medical records to ensure the information related to risks and outcomes was complete, as per the Utstein guidelines for reporting cardiac arrest and resuscitation data. 
Setting
Korea has a population of approximately 48 million people, with a per capita gross domestic product of 20,591 US dollars and a life expectancy of 79.1 years (as of 2010). 9 National statistics showed a 3.2% unemployment rate and a 2.3% crude divorce rate. Among all causes of mortality in Korea, suicide was the fifth leading cause. The total number of deaths per 100,000 people was 512 in 2010, and suicide accounted for 31.2 of these deaths. Mortality rates from suicide was also found to be more prevalent in younger and older populations.
10
The Korean EMS system is single-tiered and provided by the government. A basic-to-intermediate level of ambulance services is operated by 16 provincial headquarters of the national fire department. The ambulance crews can perform cardiopulmonary resuscitation (CPR) at the scene and during transport, as well as provide care comparable to the intermediate emergency medical technician (EMT) level in the US. This includes starting intravenous fluids, endotracheal intubation, or laryngeal mask airway insertion under direct medical oversight.
All EDs are formally designated as level 1 to 3 by the government (20 regional Soo Jin Kim, et al. designated level 2, and approximately 330 small EDs are designated level 3). The designation is based on several characteristics of the ED: human resources, essential instruments and equipment, and level of service available. Wilderness areas and isolated islands usually have no designated ED; therefore, most patients with an OHCA at these locations are transported to community health care centers or non-emergency hospitals (level 4, non-ED facilities). These facilities can perform CPR, followed by minimal primary care for patients with an OHCA. We collected information on OHCAs from these non-ED facilities. 8 Currently, there is no specific EMS protocol for S-SCA, and EMTs cannot declare death or stop CPR in the field or during transport. However, they are able to seek medical directions from a physician via telephone when there is a suspicion of death, such as when decapitation, rigor mortis, decomposition, and dependent lividity are observed.
Study population and data collection
Eligible patients were S-SCA patients with a final outcome on record during the three years of the study period. The etiological classifications of an SCA were made by the physicians in the ED when the patients arrived and were presumed cardiac or non-cardiac according to the Utstein criteria. 11 SCAs with non-cardiac etiology were further categorized using two criteria: the mechanism of attempted suicide and the intention, according to the international classification of external causes of injuries proposed by the World Health Organization. 12 All non-cardiac etiologies were categorized as accidental, suicidal, homicidal, legal intervention, war/protest-associated, and other. In addition, all noncardiac etiologies were categorized by specific mechanism of injury: motor vehicle injury, fall, collision, piercing/stabbing/amputation, gunshot, burn, asphyxia, drowning, hanging, poisoning, and others. 12 In this study, these categories are re-grouped under four major mechanisms: hanging, fall, poisoning, and other. We collected demographic information regarding age ( ≤15, 16-64, and ≥65 years), sex, and primary rhythm as identified with electrocardiography. Rhythms were further categorized as shockable (ventricular fibrillation and pulseless ventricular tachycardia) or non-shockable (pulseless electrical activity, asystole, and unknown). Additional data included the presence of witnesses, location of the event (public, private, and unknown), indoor and outdoor buildings with stories where the event occurred, bystander CPR performed (based on a review of the medical records), response interval (time from call to ambulance arrival to the scene), EMS interval (time from call to arrival at hospital), certification level of the EMS provider (intermediate or basic), pre-hospital defibrillation, and the level of the ED (1 to 4). The onset time variables were extracted from date and time of the emergency call, and the hour, week, and season were derived.
Outcome measures
The outcomes were classified by the rates of survival to admission, survival to discharge, and whether a good neurological outcome was achieved. The survival to hospital discharge rate was the primary end-point in this study. The survival to admission rate was defined as the cases with a return of spontaneous circulation that were admitted to the inpatient ward or the intensive care unit. A good neurological outcome was met when the surviving patient achieved a cerebral performance category of 1 or 2. All outcomes were measured based on a review of medical records.
Statistical analysis
The distributions of categorical variables are reported as percentages. The continuous variables that were not distributed normally are presented as medians with interquartile ranges.
The age-and sex-adjusted incidence rates for all of the EMSassessed S-SCAs were calculated using the 2010 census data as the standard population (direct standardization method). The adjusted incidence rates were calculated according to the year, month, and by specific mechanism used.
The adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were calculated after adjusting using multivariable logistic regression analysis, including the variables as age, sex, primary electrocardiography type, etiology of arrest, year, witness, place of event, bystander CPR, response interval (from time of call to time of EMS arrival at the scene), EMS interval (from time of call to time of arrival at hospital), pre-hospital defibrillation, and ED level. To obtain the final model, we tested for interactions between exposure variables and potential covariates, assessed confounding factors, and performed precision level tests. The goodness of fit of the multivariable logistic regression model was tested using the Hosmer-Lemeshow (HL) test with chi-square analysis for calibration performance, and c statistics were measured to assess the discrimination performance of the final models. The analysis was conducted using SAS ver. 9.3 (SAS Institute, Cary, NC, USA).
RESULTS

Demographics
The total number of EMS-assessed SCAs was 64,155. Of these, the number analyzed as suicide-associated SCA in this study was 5,743. SCAs from cardiac etiologies (46,885) and non-suicidal and non-cardiac etiologies (11, 572) were excluded. Survival to Suicide-associated sudden cardiac arrest admission and survival to discharge number (percentage) of the 5,743 patients analyzed was 631 (11.0%) and 119 (2.1%), respectively (Fig. 1) . Of the 5,743 patients studied, the number analyzed increased every year. The most popular suicide mechanisms were hanging (58.7%), followed by falling (17.6%) and then poisoning (17.5%). Other methods were used in 5.8% of cases. Drownings account 3.3% for S-SCA patients, accounting for most of the cases in the "other" category, and were found to be more common in males and adults in non-metropolitan areas (Table 1) .
Age-and sex-adjusted incidence rates by mechanism
Age-and sex-adjusted incidence rate (male/female) per million persons was 32. Hanging was the top method of attempting suicide (23.0 for total population, 24.9 for male subjects, and 21.1 for female subjects). Fall showed similar incidence rates between both sexes ( Table 2) .
Distribution of potential risk factors
The distribution of potential risk factors by mechanism was described. Poisoning was more common in male subjects, elderly people, and subjects in non-metropolitan areas. Hanging was more common in male subjects and adults in metropolitan areas. Similarly, falls was found to be almost equal between sexes, and more common in adults in metropolitan areas. Response times and transport times were longer in the poisoning group than in other groups. Bystander CPR and defibrillation by EMS providers were extremely low in all mechanisms of attempted suicide. Comparable survival rates were found in hanging (2.4%) and poisoning (2.4%), whereas the fall group had a very low survival rate (0.5%) ( Table 3) .
The study population was also described by month, weekday, and time of the attempted suicide. Mondays experienced the highest number of suicides regardless of mechanisms. Suicide rates reflecting the distribution of EMS call time for S-SCA patients were found to be lowest at the early morning (mid-night to midday) and peaked in the afternoon and evening hours (Fig. 2) .
When we examined the data by year and month, the data showed a peak in hanging as the mechanism of suicide from October Values are presented as n (%). (Fig. 2) .
Main analysis
Adjusted ORs (95% CIs) for survival to admission rates compared with hanging was found to be 0.94 (0.72 to 1.24) for poisoning, and 0.04 (0.02 to 0.08) for falls (HL chi-square = 6.62, P = 0.58, cstatistics = 0.83). With hanging as the index condition, adjusted Suicide-associated sudden cardiac arrest ORs (95% CIs) for survival to discharge was 1.05 (0.60 to 1.83) for poisoning, and 0.08 (0.03 to 0.21) for falls (HL chi-square= 3.68, P = 0.88, c-statistics= 0.87). Adjusted ORs (95% CIs) for good neurological outcomes compared with hanging was 3.31 (1.22 to 8.96) in poisoning. Of note, no case achieved a good neurological outcome in the fall category (HL chi-square = 10.98, P = 0.09, c-statistics = 0.93) ( Table 4) .
DISCUSSION
Mechanisms for suicidal attempt are various, differ according to cultural background, and may change over time. 2 People who have suicidal ideations generally seek isolated areas to avoid bystanders, use fast-acting suicide methods to reduce fear and pain, and ensure success via methods with a high rate of lethality. [13] [14] [15] Suicide attempt patients are typically found in three different types of clinical situations: aborted suicide attempt, SCA, or death due to prolonged cardiac arrest (PCA). Aborted suicide is an incomplete suicide, while SCA and PCA are complete. Due to social, cultural, or religious backgrounds that regard suicide as a crime, conflicts within families, psychiatric disorders, and confidentiality, data on aborted suicides are extremely difficult to collect and analyze. 16 Patients who experience PCA secondary to suicide are directly transported to the mortuary. The death certificates in these cases have limited information, making it difficult to adequately interpret the environment and characteristics of the suicide. 17 This study is important for several reasons. An S-SCA database may be a good resource to understand various characteristics of suicide and to develop suicide prevention programs. Patients with S-SCA possess a host of information from the scene, which is a source of insight into primary prevention, EMS services, and hospital care and support for secondary prevention of suicide. Nationwide or community-based SCA registries, in particular OHCA registries, have been developed in both Asian and Western communities. 18 Most SCA research focuses on SCA with presumed cardiac etiology or trauma-associated SCA rather than S-SCA. In Korea, which has a higher incidence of suicide, an S-SCA registry could prove to be a key resource in understanding the suicidal environment and method of choice; these data in turn may help to prevent suicide and improve resuscitation efforts and outcomes. Suicide-associated SCA was observed to occur most commonly from hanging (58%) and was responsible for 13.4% of the total mortality rate from suicide of 32.1 per 100,000 persons, or 4.3 deaths per 100,000 persons. The survival to discharge rate was extremely low in all mechanisms of suicide and found to be even lower in falls compared with other methods of suicide in our nationwide S-SCA patients. Our findings also demonstrated epidemiologic and geographic variability stratified by potential risk factors according to the different mechanisms of suicide. For example, non-metropolitan areas showed a relatively higher use of poisoning as a method of suicide rather than falls or hangings. This is in contrast to a separate study that demonstrated higher proportions of hanging in urban (18.0%) compared to rural environments (14.9%). 19 In another population-based study from metropolitan Melbourne, Australia, hanging for suicide was common in the younger (median age 39 years) and male group (88%). 20 In another study from Taiwan, poisoning was found in higher rates in rural areas (32.1%) than in urban environments (30.5%). 21 Our study showed hanging and poisoning was 57.7% and 73.5% in non-metropolitan areas, respectively. Poisoning has been a common method to attempt suicide in rural areas; however, our SCA registry showed much higher proportions of poisoning in rural areas than previously reported. Our study suggests that different age groups tend to select different methods of attempting suicide. The young adult population (15 to 65 years) preferred hanging (62.6%) over poisoning (12.1%) or falls (18.6%), whereas elderly people selected hanging (34.3%). More than half of the pediatric patients (<15 years) selected falls (56.9%) as the preferred method of suicide. One study showed much higher proportion of hanging (53.1%) in young adult compared with poisoning (34.1%) or falls (12.8%). 22 In another study from Hong Kong, carbon oxide from charcoal burning was an emerging method to commit suicide. 23 Charcoal burning constituted 18 .3% of all suicides in the study. Additionally, 88% of those that used charcoal burning were from the middle years (25 to 59) of life. The mechanism used to attempt or commit suicide has very strong sociocultural background and may change over time. We found very interesting findings when analyzing monthly trends in this study. October 2008 showed a peak of hangings, which continued to the end of the observational period. We searched social events in this period and found two consecutive celebrity suicides on September 8 and October 2, 2008. In particular, the latter celebrity was a popular actress starring on a television drama in Korea. Major television news, newspaper reports, and internet media reports continued to report the event and method daily for a month. The first had attempted suicide via gas poisoning from charcoal burning, and the second used the hanging method. We believe the peak in October was due to copycat suicides and Werther's effect, 24 as has been reported in many communities. 25, 26 We found very low rates of survival to discharge and neurological recovery in this study. Most previous studies reported outcomes on SCA with cardiac etiologies or trauma. From our previous reports, survival to discharge rates of SCA with presumed car-Suicide-associated sudden cardiac arrest diac etiology transported by EMS was 3.7% in 2008. 27 Other reports on survival to discharge rates of SCA with an etiology of trauma was 1.0%. 28 Hanging-associated SCA showed a very low survival to discharge rate (0.5%) in another study with a small sample size. 20 Our study demonstrated that lower survival to discharge rates in S-SCA is associated with lower witness rates (10.0%), a private place (81.9%), lower bystander CPR rate (2.6%), asystolic rhythm (81.6%), and more serious methods of suicide such as falls (17.6%). Being in an isolated, private place for a suicide attempt is the main cause of extremely low witness rates and bystander CPR rates. This in turn leads to a high proportion of patients found by EMS to be in asystole and unable to be resuscitated. Our strategy for improving outcomes is to increase bystander CPR, even if the patient's suicide attempt is not witnessed and the patient is found at the scene after S-SCA. To improve bystander activity, we can encourage more specific population programs, such as dispatcher-assisted bystander CPR. 29 However, more specific strategies for preventing suicide as well as improving bystander activity should be considered to remove the environmental conditions that favor suicide and to enable earlier detection in people at high risk of attempting suicide. EMS-assessed and S-SCA registries can be extracted daily, as many communities have automated and electronic database systems in place. These registries will be very helpful for preventive strategies, because they allow for surveys and for the formation of daily and monthly suicide event trends. They may therefore assist in finding persons and locations at high risk of a suicide.
This study used a retrospective medical record review for measuring outcomes and risk factors. Additionally, there were many missing cases in some important variable categories. There were 1,539 cases without information on intentionality of the patient's suicide attempt. Although many observational studies on suicide have huge proportion of unknown intentionality, this unknown group can cause bias and underestimate the incidence rate by specific method. This study was performed in an EMS system with intermediate service level, which is a relatively lower level compared with those of North America and Europe. 9 Therefore, our results may not be generalized to those communities. This study included cases in SCA status at the time when bystander witnessed or found the patients. If we added more cases of aborted suicide attempts or PCAs not requiring an ambulance transport, our results may be significantly changed.
In conclusion, from an EMS-assessed suicide-associated SCA registry, we found a suicide rate of 39.4 per million persons and a 2.1% rate of survival to discharge. Suicide by falls was associated with a significantly lower chance of survival to discharge as compared with suicide by hanging.
